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Abstract

Background: This study aimed to evaluate the centralization and transportation of ProTaper Gold (PTG) rotary
system and Reciproc Blue (RB) reciprocating system in curved canals, by using micro-CT.

Material and methods: Twenty extracted mandibular molars were previously scanned by using the SkyScan 1174
microtomograph to select the Vertucci IV anatomic type. The specimens were divided into two groups (n=10)
according to the mechanized system used to prepare the root canals. The teeth were scanned by micro-CT to calcu-
late the increase volume, percentage of dentin removed, remaining dentin thickness, structure model index (SMI),
degree of transportation and centering ability of root canals. The Student’s t test was used to evaluate differences
between PTG and RB in each measurement evaluated.

Results: No significant differences were found between the groups in the increase of the total root canal and apical
volume; percentage of dentin removed after preparation; SMI of the mesiolingual canal; degree of transportation
of the canal and centering ability of the cervical and middle thirds (P>0.05). There were significant differences in
the mesiobuccal canal in SMI and in the centering ability of the apical third (£<0.05). Concerning the remaining
dentin thickness, there was also no significant diferences between the groups, except for some regions were RB was
observed to have a superior cutting capacity ( P<0.05).

Conclusions: Both systems were efficient and safe for performing preparation of the moderately curved root canals
of mandibular molars. RB instruments produced more circular and better centralized canals in the apical third of
the mesiobuccal canal, with superior cutting action when compared with PTG instruments.
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Introduction

Root canal shaping is a fundamental stage for achieving
clinical success in endodontic therapy (1). Therefore,
the presence of accentuated angle and curvature radius
may lead to accidents and complications, such as perfo-
rations, transportation, steps and endodontic instrument
fractures (2,3). Endodontic NiTi rotary and reciprocating
files are safe instruments for canal preparation, even in
severely curved root canals and decreasing the working
time (4,5). In recent years, several novel thermomecha-
nical processing and manufacturing technologies have
been developed to optimize the microstructure of NiTi
alloys, in order to improve their mechanical properties
and root canal preparation quality (6).

The ProTaper Gold (PTG) (Dentsply Maillefer, Bal-
laigues, Switzerland) rotary system is a new therma-
lly treated instrument that has the same features of the
ProTaper Universal (Dentsply Maillefer, Ballaigues,
Switzerland) with an advanced thermal treatment, na-
med Gold treatment. The instruments are submitted to
a complex heating-cooling proprietary treatment that re-
sults in a visible titanium oxide layer on the surface of
the instrument, creating a shape memory alloy. A study
has demonstrated their increased flexibility and fatigue
fracture resistance and better root canal preparations (7).
Recently, a new generation of single-file Reciproc ins-
truments were launched on the market, the Reciproc
Blue (RB; VDW, Munich, Germany). This reciprocating
system has the same instruments features of the conven-
tional Reciproc M wire, but with thermomechanical blue
treatment. Studies have affirmed their superiority in re-
lation to the stability of the alloy in the martensitic phase
under clinical conditions, enhanced mechanical proper-
ties, and reduction in shape-memory (6, 8, 9).

The aim of the study was to evaluate the shaping abi-
lity of two systems: one rotary (PTG) and the new re-
ciprocating type (RB) in the preparation of moderately
curved canals in the mesial roots of mandibular molars,
by means of micro-computed tomographic (micro-CT).
The null hypothesis was that there would be no differen-
ce between the two instrumentation systems in relation
to changes in the 3D geometry, pointing out the dentin
removed, remaining dentin thickness, increase in root
canal volume, structure model index (SMI), degree of
canal transportation, and centering ability.

Material and Methods

-Selection of teeth

Ethical approval was granted by the local institutional
ethics committee (protocol no. 60244116.6.0000.5137).
For the study 20 human mandibular first and second mo-
lars (mesial canals) were used, with completely formed
apices, of a previous sample of 108 specimens, which
were stored in 0.1% Thymol solution. The inclusion cri-
teria were: specimens with a length (21-22 mm), mo-
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derately curved (100-200) according to the Schneider
method (11); curvature radius smaller than 10 mm, ac-
cording to Schafer et al. 2002 (12), presenting indepen-
dent canals and foramina. The root canal volume values
were calculated for anatomic pairing of volume and SMI
in order to diminish the bias of the study.

-Micro-CT Scanning

To capture the images, the SkyScan 1174 microtomogra-
ph (SkyScan, Kontich, Belgium) was used. The speci-
mens were placed in silicone molds to allow the samples
to be scanned in the same position after each step. The
teeth were scanned at 47kV, 830 pA and 3600 rotation
with an 0.80 rotation step, with voxel size of 16.8 pm.
The images obtained were reconstructed by using the
NRecon v.1.6.3 software (Bruker micro-CT).

-Root canal preparation in both groups

An experienced endodontist prepared all the specimens.
Surgical access was gained with diamond burs. Af-
terwards, a size 10 C Pilot (VDW, Munich, Germany)
was introduced for initial exploration of the canal. For
lighting and magnification, an optical operating mi-
croscope (Alliance, Sdo Paulo, Brazil) was used at 25x
magnification, through which the tip of the instrument
was visualized at the outlet of the major foramen, thus
the working length (WL) was calculated at Imm short
of the foramen. The X Smart plus (Dentsply Maillefer,
Ballaigues, Switzerland) electric motor was used for
instrumentation. Each instrument was used in only one
specimen. Between each change of instrument, the canal
was irrigated with 5 mL of 5.25% sodium hypochlorite
(NaOCl) (Lenza Farmacéutica, Belo Horizonte, Brazil)
in a disposable syringe with 30-G NaviTip needles (Ul-
tradent, South Jordan, UT, USA). Final irrigation was
performed with 5 mL of 17% EDTA for 2 minutes fo-
llowed by 5 mL of 5.25% NaOCI. The root canals were
dried with absorbent paper points (Dentsply Maillefer,
Ballaigues, Switzerland). The specimens were divided
into two groups with similar characteristics as regards
volumes to ensure greater homogeneity between the
groups. The instrumentation techniques were performed
in accordance with the manufacturers’ instructions.
PTG: The instruments were used at a speed of 250 rpm
and specific torques visualized on the motor screen. Ma-
nual instruments size 10 C Pilot (VDW), 15 and 20 K-file
(Dentsply Maillefer, Ballaigues, Switzerland) were used
in the two thirds of the WL; afterwards the instruments
S1(18/.02) and SX (19/.035) were used at the same mea-
surement, and subsequently the manual instrument size
10 C Pilot (VDW) for performing the glide path. After
this, the remaining instruments S1 (18/.02), S2 (20/.04),
F1 (20/.07) and F2 (25/.08) were used up to the WL.
RB: Before used, the size 10 C Pilot (VDW) was used
for initial exploration of the canal, performed with the
particular Reciproc program. After this, instrument R
25/.08 was used in slow in and out movements with
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maximum amplitude of 3mm until the cervical and
middle thirds were attained. Then the size 10 C Pilot
(VDW) was again introduced to perform the glide path
and then the operator advanced with instrument R 25/.08
up to the WL.

For post-operative scanning, the same parameters of
pre-operative stage were used.

-Two-and Tri-dimensional Evaluation

The analyses were divided into two stages. One two-di-
mensional, in which the cross-sections were used, com-
paring the pre- and post-operative images, to evaluate
transportation and centralization of the canal. The other
form of analysis was tri-dimensional, to evaluate the
pre- and post-instrumentation SMI; apical and total vo-
lumes of the canals, by using the CTAn software (CTAn,
versionl.8.1.5, Skyscan, Kontich, Belgium). This mea-
surement was obtained between the 1st mm apical and
the last mm below the furcation area. The apical volume
measurement was calculated from the analysis of the
measurements obtained between the 1st mm and 3rd
mm of the root apex. The pre- and post-instrumentation
images were superimposed for realignment, using the
3D register function of the DataViewer software v1.5.2
(Bruker-microCT, Kontich, Belgium).

-Root canal Transportation

Three (3) axial cross-sections were analyzed in the cer-
vical (2mm below the furcation area), middle and apical
(final 1mm of the root apex) thirds, with the CTAn sof-
tware by means of the measurement tool. Canal trans-
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portation was calculated in millimeters using the formu-
la (X1-X2)-(Y1-Y2) described by Gambill; Alder; Del
rio, 1996 (13). According to this formula, a result of 0
indicated no canal transportation. A positive value re-
presented mesial movement, whereas a negative value
represented distal movement or movement toward the
furcation (14).

-Centering Ability

The centering ratio, which means the capacity of an ins-
trument to remain in a central position within the root ca-
nal, was calculated in the same axial cross-sections, using
the values obtained during the measurements for evalua-
ting canal transportation. The formula used for the ratio
was (X1-X2) to (Y1-Y2) (13). According to this formula,
value 1 indicated the optimal centering ability (15).
-Statistical Analysis

The D’ Agostino-Pearson was used to evaluate the norma-
lity. The Student’s-t test was used to evaluate differences
between PTG and RB in each measurement evaluated.
The level of significance was set at 5%. The analyses
were performed using the GraphPad Prism Software
(GraphPad Software, San Diego, California, USA).

Results

The Structure Model Index (SMI), removed dentin and
canal volume increase were evaluated and no signifi-
cant diferences were observed between RB and PTG
(P>0.05), except for the mesiobucal canal in SMI. (Ta-
ble 1). Both systems presented deviations in the cervical

Table 1: Structure Model Index (SMI), Removed Dentin and Canal Volume Increase (mean + standard deviation).

Group SMI Removed Den- Canal volume total Canal volume apical
(%) tin (%) (mm?®) (mm?)
PTG MB 12+104 4.11 £2.00* MB 1.33+£0.78* MB  0.80 +0.40*
ML 194124 ML 1.43+0.88* ML  0.76 +0.23*
RB MB 29+ 158 5.15+3.26" MB 1.85+1.78* MB  0.86 +0.58*
ML 30+26* ML 1.87 +1.054 ML  0.82+0.44%

ABIn columns, mean and standard deviation values followed by different uppercase letters represent statistically significant dif-
ferences between the study groups (p<0.05; PTG versus RB). The p values were obtained by the Student t test.

Post-op

Fig. 1: Micro-Ct images of the amount of dentin remaining on the
Protaper Gold instrument.

Post-op

Fig. 2: Micro-Ct images of the amount of dentin remaining on the
Reciproc Blue instrument.
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third (Figs. 1,2). There were no significant differences
between RB and PTG in root canal transportation in the
cervical, middle and apical regions (P>0.05) (Table 2).
As regards centering ability, there were no significant
differences between RB and PTG in the cervical and mi-
ddle regions of MB and ML canals; and in the apical
region of the ML canal (P>0.05). However, there were
significant differences in the apical region of the MB ca-
nal, where the RB instruments were superior when com-
pared with the PTG (P<0.05).

There were no significant differences in dentin removal
between RB and PTG in the cervical, middle and apical
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regions (P>0.05). RB obtained the highest mean of den-
tin removal from the distal surface of the ML canal in the
cervical region (Table 3).

Concerning the remaining dentin thickness. There was no
significant difference between RB and PTG (P>0.05), ex-
cept on the mesial surface in the cervical region of MB ca-
nal; on the mesial surface in the cervical and middle regions
of ML canal, and on the distal surface of the middle region
of ML canal, where RB was observed to have a superior
cutting capacity (P<0.05) (Table 4). The lowest remaining
dentin thickness mean was obtained by PTG on the distal
surface of ML canal in the apical region, (Table 3).

Table 2: Root canal Transportation and Centering Ability Values Observed (mean + standard deviation).

Group Region Canal transportation Centering Ability
MB ML MB ML
PTG Cervical -0.11£0.13* -0.18 £0.18* 0.49 +0.28* 0.48 +£0.28*
RB Cervical -0.16 £0.28* -0.20 = 0.14* 0.36 +£0.27* 0.49 £0.28*
PTG Middle 0.00 +0.05* -0.09 +0.16* 0.73 £0.19* 0.57+0.274
RB Middle 0.00 +0.104 -0.04 £0.10* 0.59 +0.23* 0.67 +0.174
PTG Apical -0.07 £0.20* -0.03 £0.14* 0.33+0.16" 0.55+0.32*
RB Apical 0.02 +£0.07* -0.01 +0.05* 0.63 +0.228 0.61 +0.234

AB In columns, mean and standard deviation values followed by different uppercase letters represent statistically signifi-

cant differences between the study groups (p<0.05; PTG versus RB). The p values were obtained by the Student t test.

Table 3: Dentin removal (mm) after preparation of the root canals. (mean + standard deviation).

Group Region MB / Mesial MB / Distal ML / Mesial ML / Distal
PTG Cervical 0.15+0.08* 0.26 +0.12* 0.14 £ 0.09" 0.33 +0.15*
RB Cervical 0.17+0.11* 0.33+0.18* 0.16 £ 0.07* 0.36 £ 0.17*
PTG Middle 0.17+0.07* 0.18 £ 0.08* 0.14 £ 0.07* 0.23+0.12*
RB Middle 0.17 £ 0.04* 0.17 £ 0.08* 0.18 £ 0.08* 0.22+£0.11*
PTG Apical 0.09+0.074 0.14+£0.174 0.12+0.08* 0.15+0.144
RB Apical 0.09+0.07* 0.07 £0.03* 0.07 £ 0.04* 0.08 +0.06*

A In columns, mean and standard deviation values followed by different uppercase letters represent statistically significant

differences between the study groups. (p>0.05); (PTG versus RB). The p values were obtained by the Student test.

Table 4: Remaining dentin thickness (mm) after preparation of the root canals. (mean + standard deviation).

Group Region MB / Mesial MB / Distal ML / Mesial ML / Distal
PTG Cervical 1.44 £ 0.09* 1.29 £ 0.314 1.43 £0.12% 1.20£0.25*
RB Cervical 1.29 £0.14" 1.09 £ 0.29* 1.30 + 0.208 0.99 +£0.33*
PTG Middle 1.10 +£0.13* 1.03 +0.234 1.10 £ 0.17* 1.06 £ 0.19*
RB Middle 0.99+0.17* 0.97 £0.22~ 0.96 +0.148 0.86 +0.16"
PTG Apical 0.78 £0.324 0.67 +£0.314 0.81 £0.36* 0.53+0.21*
RB Apical 0.73 £0.35* 0.64 +0.324 0.71 £0.374 0.54 £0.36%

ABIn columns, mean and standard deviation values followed by different uppercase letters represent statistically significant differ-

ences between the study groups (p<0.05; PTG versus RB). The p values were obtained by the Student t test.
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Discussion

One of the aims of root canal preparation is to maintain
its original anatomy in a conservative and safe manner
(16) however, errors may occur, such as transportations,
deviations and steps, which may compromise the suc-
cess rates of endodontic therapy (17). This study compa-
red the capacity of PTG and the RB system in maintai-
ning the original trajectory in moderately curved mesial
canals of mandibular molars. The null hypothesis that
there would be no difference in the performance of the
two systems was confirmed, except with regard to the
centering ability of the apical third, SMI in canal MB.
As regards the amount of remaining dentin in the fur-
cation region, both systems presented deviations in the
cervical and middle thirds (Fig. 3). Nevertheless, no spe-
cimen presented perforation. The PTG system showed

Reciproc Blue

. M I l M ’
D
D
“ “
D D
D
D

Cervical

Middle

Micro-CT evaluation of root canal shaping

ver, Souza-Neto et al., (2018) analyzes, where they alre-
ady assess that apical transportation exceeds the limit of
0,3mm, especially in reciprocating instrumentation (26).
In other study comparing Wave One 25.08 and Reciproc
25.08, obtained no differences in terms of area, peri-
meter, volume, surface area or transportation (27). The
cross-sectional design, diameter of the core and thermal
treatment affect the flexibility of the NiTi instruments,
which can affect the transport of the root canal during
root canal shaping (6,20).

Endodontic preparations should be more conservative as
possible in order to not weaken the root walls. Clinica-
lly, a 0,2 milimeters removal seems to be adequate for
root canal preparation of molars (21). In our study, both
PTG and RB and remaining dentin thickness in some
regions systems yielded root canal preparations within

Protaper Gold

Fig. 3: Representative cross sections of superimposed root canals before (red) and after (green)
preparation in cervical, middle and apical thirds. The image shows greatest dentin removal to-
ward the furcation or distal (D) area, compared with mesial (M) area, especially in the cervical

third.

greater wear in the furcation region, probably because of
the increase in the tapering of the instruments and less
flexibility than those of RB. Another important factor
that reinforces this is that there is a greater volume of
dentin on the mesial wall, which tends to force the ins-
trument in the distal direction in this region (18).

Previous studies have shown that thermally treated ins-
truments produce more centralized root canal prepara-
tions, with lower capacity for transportation (6). Apical
transportation of over 0.3 mm may negatively influence
the sealing capacity of the filling material (19). In spite
of there being no significant differences, three canals in
which the PTG instruments were used presented apical
transportation values of over 0.3 mm and this was not
observed in any canal in Group RB. These results could
be explained due to the different cross-sectional design
and the thermal treatments of the PTG and RB. Howe-
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this limit in the majority of the cases. However, the wear
was always directed towards the distal region. All the
measurements in both groups showed a thickness of the
remaining dentine above 0,5 milimeters after root canal
preparation, thus being deemed satisfactory and safe in
the three thirds assessed.

Furthermore, there are differences between the instru-
ments in relation to kinematics, in which PTG is used
in continuous rotation and RB with reciprocal motion.
Study have pointed out that the reciprocating movement
presents advantages, because in addition to running a
smaller angular distance, and consequently being sub-
ject to reduced stresses, it generates an increase in cyclic
fatigue resistance (22). The application of reciprocating
motion during instrumentation did not result in increa-
sed apical transportation when compared with conti-
nuous rotation motion (20,21).
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In this study, the 3D geometry and shape of the cross-sec-
tion of the mesial canals were evaluated using the SMI
which is a morphometrical parameter and involves a
measurement of surface convexity in a tridimensional
structure. It evaluates the capacity of a preparation tech-
nique to produce more rounded canals (23). The RB ins-
truments had a significantly higher SMI value than the
PTG instruments in canal MB; so, they obtained more
rounded preparations, which could positively influence
the filling of root canals that have a greater complexity.
The authors could attribute the cross-section of the RB
instrument in particular to these more circular prepara-
tions, or to the canals; although they had similar volu-
mes, they could have been more flattened and therefore
have influenced the results.

In this study, the RB instruments were more effective in
the centralization of the MB canals in the apical third,
demonstrating greater safety and effectiveness in rela-
tion to the root canal preparation (2,3). The blue thermal
treatment provided an increased flexibility of the instru-
ments (9,24), and thus the hypothesis of more centra-
lized preparations and reduction of the shape memory
effect (8,10). However, there is a systematic review
study, which concluded that there is no significant diffe-
rence in relation to the rotary and reciprocation motions,
in the transportation and centering ability of root canals
(25).

Within the limits of this study, it was concluded that both
systems were efficient and safe for performing prepara-
tion of the moderately curved root canals of mandibular
molars. However, the RB instruments produced more
circular and better centralized canals in the apical third
of the MB canal, and showed a superior cutting action
when compared with the PTG instruments. Further stu-
dies will be necessary, mainly with different types of
endodontic instruments, with new alloys and thermome-
chanical treatments.
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